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INTRODUCTION 
Cardiac arrest has been described by Hamilton Bailey (J) 
as the most urgent of surgical emergencies and one requiring 
the prompt initiation of restorative procedures. T.he term 
cardiac arrest has, in the past, indicated either ventricular 
standstill or ventricular fibrillation. This study is an 
attempt at critical evaluation of the procedures employed in 
resuscitating the heart in ventricular standstill. Previous~, 
evaluation has been hampered by the inability to produce re-
liably a resuscitable cardiac arrest in experimental animals. 
Massage of the heart and cardiotonic drugs in conjunc-
tion with artificial respiration have been used successfully 
in the resuscitation of the arrested heart. Massage of the 
heart is defined as repetitive manual compression of the heart 
through the diaphragm or the pleural cavity to maintain adequate 
circulation. White (75) in 1909, demonstrated that artificial 
respiration alone would not restore respiration or circulation 
in cats or rabbits. Weinberger, Gibbon and Gibbon (?4) 
demonstrated that anoxic damage to the brain occurred in cats 
three minutes and ten seconds after cessation of circulation. 
A circulatory lack of eight minutes forty-five seconds duration 
was incompatible with life for more than a few hours. Clinical 
experience is in accord with these results. 
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The value of massage with artificial respiration as a 
practical means of treatment in cases of eardiac arrest is 
shown not only by p~siological experiments but also by clinical 
observations. Schiff (69), in 1874, first demonstrated the 
value of this treatment in the chloroform "arrested" dog heart. 
This work was later confirmed by Tuffier and Hallion (72) and 
others (6J, 2J). Gunn (J9) first showed the effectiveness of 
massage in circulating the blood by observing the movement of 
a dye, Erioglaucine A, following its intraventricular injection 
into the arrested rabbit heart. 
Epinephrine has been the agent most frequently used in 
clinical attempts at resuscitation, and the relative value of 
epinephrine and massage has long been disputed. A review of 
the clinical literature regarding resuscitation will more 
clearly illustrate this point. Cases referred to as 11~­
suscitated11 are those in which cardiac r~thm and spontaneous 
respiration returned. Following resuscitation, some patients 
recovered completely and have been classified as 11 survivors 11 
while others remained unconseioua until death. If both 
cardiac r~thm and spontaneous respiration did not return, 
11 no response 11 to treatment is said to have occurred. 
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Between the years 1909 and 1941, forty-two cases of 
cardiac arrest occurring during surgery were reported. Re-
suscitation attempts were unsuccessful in eleven and successful 
in thirty-one of whom twenty-two aurvived. The other nine 
lived for periods ranging from thirt7 minutes to twent7-aix 
da7s but did not survive their hospital stay. Epinephrine was 
used in fourteen of the thirt7-one resuscitated cases, but 
resuaption of the heart beat occurred immediatel7 following 
its injection in only five instances. In two of the five 
epinephrine was said to be the sole resuscitating measure (20,21). 
That this is doubtful is evidenced by the fact that in one case 
( 20) , cardiac arrest was diagnoaed only b7 the absence of the 
pulse. It bas since been ahown that the heart may be beating 
although no pulae is palpable (48). In the other (21), the 
injection of epinephrine was credited with causing the heart 
to resume after transdiaphragmatic and subdiaphragmatic massage 
had failed. During this period, 1909 to 1941, numerous authors 
advocated the use of epinephrine in resuscitation despite the 
dearth of evidence in its favor. Fantu.a ( 27) , for paaple , 
cites epinephrine as "the simplest and most certain method to 
cause the motor of the circulatory apparatus to resume motion 
and effect resuscitation." 
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~ other agents have been used in attempts to re-
suscitate the arrested heart. Bolton (14) was successful in 
restorin& contraction of the heart by the intraeardiac injec-
t ion of ether. Dextrose was used by Immerman ( 4.5) in a 
patient apparently dead from insulin shock. Camphor, digitalis, 
strophanthin, metrazol, coramine, strychnine, and ~rtonic 
salt solution, either alone or in combination with each other 
or with epinephrine have been used for intracardiac injection. 
HYman (4J) suggests that the use of such a wide variety of 
substances indicates that the response of the heart is not 
specific to ~ pharmacodynamic action. Rather, he believed 
that resuscitation resulted from the stimulating effect of the 
needle as it traversed the ~0cardium. He cited animal ex-
periments to support this view. 
Bailey (J), on the ether hand, reported forty cases of 
cardiac arrest during surgery, of which nine were resuscitated 
and four others aurvived. He states that not once did the 
injection of epinephrine into the heart cause it to resume 
beating. .More recently, Lahey and Ruzicka (51) have supported 
this finding stressing early massage as being the essential 
resuscitative measure. 
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Of thirty-nine cases of cardiac arrest reported between 
1942 and 1950, nineteen patients survived, fifteen were re-
suscitated and subsequently died and no response was obtained 
in five. Massage alone was believed to be the effective agent 
in twenty-nine of the thirty-four patients resuscitated. 
Epinephrine was said to have aided resn2citation in two of the 
ten surviTors and in three of the nine resuscitated non-survivors 
in which it was used. Two of the non-surviTors were reported 
by Beecher and Linton (10) as being resuscitated by massage 
and the intraeardiac injection of epinephrine after the right 
auricle had been repeatedly stimulated by the prick of a 
needle as SU€gested by~ (44). Beck(?) believed tl:Bt if 
massage failed, epinephrine would always start the heart, 
provided that it was not diseased. 
Burstein (16) stated that in the cases he had encountered, 
epinephrine had proved fatal when injected into the heart 
during cardiovascular collapse under anesthesia. Johnson and 
Kirby (48) maintained that no agent was effective in starting 
the heart, but epinephrine might be of value after the return 
of the heart beat. 
The clinical cases of cardiac arrest reported during 
1951 and 1952 have not clarified this controversial picture 
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although the importance of early massage bas been increasingl7 
evident. Johnson and Kirby (49), a~ested prompt opening of 
the thorax in cases of suspected cardiac arrest to establish 
the diagnosis and assure early massage. Of . fifty-one cases 
of cardiac arrest reported during this two year period, thirty-
nine patients were resuscitated of whom twent7-one survived. 
Epinephrine was believed to have aided resuscitation in 
eleven of the twent7-seTen patients in which it was used while 
massage alone accounted for seventeen of the twenty-one patients 
who recovered and thirteen of the eighteen who were resuscitated 
and later died. 
Excluding the forty cases of cardiac arrest reported by 
Baile~ one-hundred and thirt7~two case histories have been 
evaluated and have indicated that massage is and epinephrine may 
be effectiTe in resuscitating the heart in ventricular standstill. 
Epinephrine has been reported as contributing to resuscitation in 
J5.5 per cent of the cases in which it has been employed while 
massage in conjunction with artificial respiration has been 
described as effective in 72.2 per cent of the eaaes in which 
it has been used. 
The purpose of this study bas been to evaluate criticall7 
the effectiveness of massage and sympathomimetic or cardiotonic 
drugs in resuscitating the arrested dog heart. 
* These cases are not considered since Bailey did not publish 
sufficiently detailed information. 
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PROCEllJB.E 
Male and female mongrel dogs weighing five to sixteen 
kilegrams were anesthetized with ether by the open drop method. 
A cuffed endotracheal tube was inserted and plane three of 
surgical anesthesia was maintained by a Wolff bottle connected 
to it. Mean arterial pressure was measured by a mercury 
manometer connected to the right femeral artery and recorded 
by means of an electric ~ograph. Lead II electrocardiograms 
were taken at appropriate intervals. No attempts to produce 
cardiac arrest were made until the blood pressure had remained 
at a constant level for at least five minutes. This level 
was accepted as the control blood pressure. 
Procaine ~drochloride was then injected intravenously 
into the femoral or cephalic vein to produce cardiac arrest. 
Doses of 4, 8, 16 and 32 mgm. per kgm. in a constant volume 
of 0.4 ml. per kgm. were used. If the initial dose of 4 mgm. 
per kgm. failed to arrest the heart, ten minutes were allowed 
for the animal to recover, then the injection of procaine was 
repeated with twice the preceding dose. This procedure was 
followed until cardiac arrest occurred. :Blood pressures and 
electrocardiograms were obtained prior to each injection of 
procaine and again at the lowest blood pressure following each 
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injection. Following the arresting dose of procaine, the blood 
pressure fell to less than 1.5 mm. of mercury where it was 
allowed to remain for two to three minutes. Electrocardiograms 
were taken periodicallT during this time to determine the 
electrical activity of the heart. The thorax was then opened 
at the left fourth intercostal space and the heart observed 
directly. If the heart made no movement or if the movements 
were of such a nature as to be ineffective in causing any 
blood to circulate, the arrest was considered complete. In 
some instances, electrical activity continued although no heart 
movements could be observed. 
At this point, resuscitative measures were instituted. 
In six dogs, a twentT minute period of artificial respiration 
was the onlT treatment (Table 1, series 1). In eight dogs, 
artificial respiration plus epinephrine were the measures 
employed (Table 1, series 2). The remaining ninety-one dogs 
were given artificial respiration, direct cardiac massage and 
an injection of aodium chloride solution (0.8.5 per cent) or 
a cardiotonic or sympathomimetic agent (Tables 2 to 6). To 
insure adequate oxygenation, pure oxygen was used in a closed 
circuit push-pull tTPe respirator operating at the rate of 
seventeen inflations per minute. A carbon dioxide absorber 
was included in the circuit. 
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In preparation for massage, all obstructing mediastinal 
connections of the heart were severed while the pericardium 
was left intact. The heart was cupped in the left hand with 
the second, third and fourth fingers on the dorsal surface of 
the right ventricle and the base of the thumb on the ventral 
surface of the left ventricle. Massage was carried out at the 
rate of twenty-five compressions per minute until the heart 
was able to maintain an effective blood pressure. 
The agents used were 0.85 per cent sodium chloride 
solution 2.0 ml., epinephrine 0.05 mgm. per kgm., 1-nor-
epinephrine 0.02 mgm. per kgm., neosynephrine 0.2 mgm. per 
kgm., or acetyl strophanthidin 0.1 mgm. per kgm. and they were 
injected intravenously or intracardially either before massage 
or one minute after massage bad begun*. In those animals in 
which effective cardiac activity returned, the chest was closed 
and the animal was allowed to survive twenty-four hours. 
"Survivors" are those appearing normal at the end of this 
period. If consciousness did not return before death, the 
animal was classified as a "resuscitation" and not as a 
survivor. In a few animals, ventricular fibrillation developed; 
and in others there was no response to treatment. 
* Epinephrine u.s. P. (Parke, Davis). 
We wish to thank the Medical Department of Lilly Research 
Laboratory for the acetyl strophanthidin used in this study 
and also Shepard M. Crain of Winthrop Stearns, Inc. for the 
!-nor-epinephrine (Levophed). 
RESULTS 
The activity of the heart was variable during the 
interval in which the blood pressure was effectively zero. 
Muscular and electrical activity persisted in twenty-three 
animals, electrical activity alone in twenty-four others 
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while in fifty-eight a complete cessation of activity was 
observed. The minor muscular movements seen did not in the 
least resemble a normal contraction of the heart; rather, 
they appeared to be a localized twitching of the myocardium, 
and were invariably accompanied by an abnormal electrocardio-
gram. In each of these various states of activity, the heart 
was uniformly unable to circulate blood. This was indicated 
by the loss of arterial blood pressure, a total lack of move-
ment of the mercury manometer and the absence of any movement 
of the blood in the femoral arterial cannula. Artificial 
respiration alone, or with epinephrine proved ineffective in 
resuscitating animals in which slight myocardial activity 
persisted; nor did the continuance of cardiac activity appear 
to influence the effectiveness of any resuscitative measure. 
For these reasons, cardiac arrest was considered to be complete 
for the purposes of these experiments, even when slight muscular 
or electrical activity, or both, continued. 
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In the first control series of six dogs (Table l, series 1), 
twenty minutes of artificial respiration was the only resusci-
tative procedure employed. None were resuscitated. 
Epinephrine was injected into the left ventricle prior 
to the initiation of artificial respiration in a second aeries 
of eight dogs (~ble 1, series 2). No response was obtained 
in seven dogs; the eighth developed Tentrieular fibrillation. 
Resuscitative procedures in twenty-four dogs (Table 2) 
included the injection of 0.8.5 per cent sodium chloride 
solution (2 ml.), with artificial respiration and massage. 
Eighteen of the animals were survivors; they appeared normal 
after twenty-four hours. One was resuscitated but died with-
out regaining consciousneas. Ventricular fibrillation 
occurred during massage in four dogs, and one died without 
any response to treatment. Resuscitation was effected in 
nineteen of twenty-four (79.2 per cent) dogs, the mean duration 
of massage prior to the resumption of cardiac activity being 
3.4 minutes. 
Among the seventeen animals receiving epinephrine 
{Table J) prior to the initiation of massage and artificial 
respiration, fourteen surTived, and one was resuscitated but 
died without regaining consciousness; one developed ventricular 
fibrillation during massage and one did not respond to treatment. 
The mean duration of massage was less than one minute. 
Table 1. Effect of Resuscitative Measures in the Absence of ~~ssage. 
'Dose of 
'Procaine HCl 
No. 
Of 
I I RESULTS 
I ~--------------------------------------------------------------1 
1 Producing 1 Dogs 1 1 
'Cardiac Arrest 1 ' ' Survivors 1 Resuscitations 1 Ventricular 1 No 
'(mgm. per kgm.) 1 11 1 1 Fibrillation 1 Response' 
'==================±=========**=============±===================*================*===========~ 
Series 1 
8 
Artificial Respiration for 20 Minutes Following Cardiac Arrest 
5 
I I 
I I 0 0 
---======== 
0 5 
'------------------~---------~~----~--------~-------------------~----------------~-----------' 
16 1 II 0 0 0 1 
1==================*=========**=============*===================*====-~-===--======L--=========1 
I I 
1 Totals 6 II 0 0 0 6 
'==============- *====-----±± ===========*===================*================*===========~ 
Series 2 Epinephrine Injected into Left Ventricle 0.05 mgm. per kgm. and 
Artificial Respiration for 20 Minutes Fo~lowing Cardiac Arrest 
==================-=--======-=============----===--=====--======= 
8 1 
II 
II 0 0 0 1 
'------------------~---------~~-------------~-------------------~----------------~-----------~ 
16 4 I I 0 0 0 4 
'------------------~---------~~-------------~-------------------~----------------~-----------' 
J2 J I I 0 0 1 2 
'==================*--=======**=============*=========--=========*================*===========' 
1 Totals 1 8 1 1 0 1 0 1 1 1 7 
'------------------~---------~~-------------~-------------------~----------------~-----------' 
"' 
Table 2. Effect of Sodium Chloride Solution (0.85 per cent) on Resuscitation and Survival in the Arrested 
Dog Heart. 
1 Dose 1 No. 1 1 Routes of 1 1 Average 1 1 Per Cent 1 1 Chi 2 
1Procaine 1of 11 Ad.ministration* 11 Duration 1 RESULTS 1Revivals+ 1an4 
1 HCl Pro- 1 Dogs 1 1 --------------- 1 1 of Massage 1 ---------....:----------------------------.-------- 1 1 1 Per-
1ducing I I I 1 I IIFollOWiDg I I 1 1 I 11 Cent&ge 1 
'Cardiae ' 11 1 ' ' 1 o .85 ~ ' 1 1 1 1 11 
'Arrest 1 11 I.V. 1 L. A. 1 L.V. 11 NaCl soln. 1Survivors 1Resuscitations 1Ventricular 'No 1 11 
1 (mgm.per 1 11 1 1 11 (min.) 1 1 1Fibrillation1Response 1 11 
I kgm.) I I I I I I I I I I I I I I 
~--------~----~~----~-----~----~~----------~---------~--------------~------------~--------~--------~~-------1 
I I I I 
4 1 I I 1 0 I 0 II 9.0 l 0 0 0 
~--------~----~~---~~-----~----~~----------~---------~--------------~------------~-- -------1 
II I I 
8 6 II 2 0 I 4 II 2.4 5 1 0 0 
~--------~----~~----~-----~----~~----------~---------~--------------~------------~--------1 
I I 
16 I 13 I I J 
I I 
6 I 4 II ).8 10 0 2 1 
~--------~----~~----~-----~----~~----------~---------~--------------~------------~--------1 
I I I I 
32 4 II 2 2 I 0 II 2.9 2 0 2 0 
I========*====±*====*=====* =**==========*=========*==============*============*========~ 
I I I I 
1 To tale 1 24 1 1 8 8 I 8 II ).4 18 1 4 1 
I I 
19/24 I 1 0.518 
II 
II 
II 
I I 
or I I or 
I I 
I I 
II 
I I 
I I 
79 .?$ I 130.,.50% I 
I I 
L--------~----~~----~-----~----~~----------~---------~--------------~------------~--------~--------~~-------1 
* I. v., intravenous; L.A., left atrium; L. V., left ventricle. 
+ Revivals indicate survivors plus those resuscitated and dying without regaining consciousness. 
...., 
Table ). Effect of Epinephrine (0.05 mgm./kgm.) on Resuscitation and Survival in the .Arrested Dog Heart. 
1 ~se of 1 No • 1 1 Routes of 1 'Average 1 1 Per Cent 1 1 Chi 2t 
•Procaine'of 1 'Administration*' 'Duration ' RESULTS 'Revivals+• 'and 
1HC1 Pro- 1Dogs 11 ---------------''of Massage'---------------------------------------------- 1 1 1Per-
1dueing I II I I 11 FollOWing I I I I 1 11 eentage 1 
'Cardiac ' 11 I.V. 1L. A.•L.V. 1 'Agent 1Survivors'Resuscitations 1Ventricular 'No 1 '' 
1J.rrest 1 1 1 1 1 1 I (Min,) 1 1 1Fibrillation1Response 1 1 1 
I (mgm.per I I I I I I I I I I I I I I 
lkgm,) I II I I II I I I I I II 
~--------~----l1----~-----~----L~----------l---------1-----·---------1------------1--------1---------11-------~ 
I I I I 
8 4 I I 1 2 I 1 I I ( 1 4 0 0 0 
, ________ J ____ JJ ____ l _____ J ____ JJ __________ J _________ J ______________ J ____________ J ________ J_ 
I I I I 
16 I 10 I I 4 2 I 4 II ( 1 9 1 0 0 , ________ J ____ JJ ____ J _____ J ____ J! __________ J _________ J ______________ J ____________ J ________ , 
I I I I 
)2 I J I I 2 I l I Q I I ( 1 I l I 0 I 1 I 1 
1========!::::!!::::!:====~::::!!==========~=========!==============!============!========' 
I I I I 
I I 
15/17 I 10.016 
or 
I 1 
I I 
I I 
I I 
I I 
I I 
I I 
or 
88.2% I I 9~ 
I TOtals I 17 I I 7 I 5 I 5 I I ( l I 14 I l I 1 I 1 I I I 
'--------1----Ll----~-----~----~1----------L---------1--------------L--------- ---1--------1---------11-------' 
* I. v., intravenous; L.A., left atrium; L. V., left ventricle. 
+ Revivals indicate survivors plus those resuscitated and subsequently dying without regaining consciousness. + Survivors and resuscitations are compared to ventricular fibrillation and no response animals, 
Revivals in Table 4 are compared with those in Table 2, J, 5 and 6. 
(X) 
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In the !-nor-epinephrine series, cardiac arrest was 
produced in fifteen dogs (Table 4). Fourteen (9J.J per cent) 
were resuscitated. Twelve of these were survivors while two 
died without regaining consciousness. Ventricular fibrilla-
tion occuxred with massage in one instance. Since the highest 
percentage of resuscitation was attained in this group, a 
statistical comparison with the sodium chloride solution 
group (Table~) and with the epinephrine series (T-able J) baa 
been made. No significant differences were found. 
Of seventeen dogs receiving neosynephrine, fifteen 
(88.2 per cent) were resuscitated, and fourteen of these 
survived (T.able 5). Ventricular fibrillation occurred in two 
dogs during massage. The mean duration of massage in this 
series was less than one minute. A comparison of the results 
of resuscitation with neosynephrine or !-nor-epinephrine 
indicates that the difference is not significant. 
The lowest rate of resuscitation (lJ/18 or 72.2 per 
cent) was obtained in the acetyl strophanthidin series 
(Table 6), but these results did not differ significantly 
from those of the !-nor-epinephrine series. The mean duration 
of massage in the dogs receiving acetyl strophanthidin was 
2.7 minutes. All thirteen resuscitated dogs survived, four 
developed ventricular fibrillation and one did not respond 
to treatment. 
Table 4. Effect of !-nor-epinephrine (0.02 mg.m./kgm.) on Resuscitation and Survival in the Arrested 
Dog Heart. 
----------------------------------------------------------------------------------~----------------
'Dose of 'No. 11 Routes of ''Average ' 'Per Cent 1 
'Procaine' of ''Administration* 1 'Duration 1 RESULTS 'Revivals+' 
1 HC1 Pro-'Dogs' 1---------------''of Massage'----------------------------------------------- 1 
'ducing I ' ' ' I ''Following 14 
•Cardiac 1 11 I.V. 1L. A. 1L.V. 11 Agent 1Survivors 1Resuscitations 1Ventricular 'No 
'Arrest 1 11 ' ' 11 (min.) 1 1 'Fibrillation'Response' 
'(mgm.perl II I I II 
fkgm.) I II I I II 
'--------~----l~----1-----1----11----------1---------1--------------~------------1--------1---------' 
I I I I 
8 I 4 II 2 I 2 I 0 II ( 1 4 0 0 0 
'--------~----1~----L-----l----l~----------~---------1--------------l------------L--------' 
16 I 8 
II 
I I J I 2 I J 
II 
II < 1 5 2 1 ·o 
1--------l----~L----~-----1----~l----------1---------l--------------l------------l--------' 
I I II 
J2 I J I I 0 I 1 I 2 I I ( 1 I J I Q I 0 I 0 
'========+ ==**==--*====-*-===**======- -*=========*======--=======*============*========' 
I I II 
'Totals '15 II 5 I 5 I 5 I I ( 1 I 12 I · 2 I 1 I 0 
14/15 
or 
9J.J% 
'--------~----ll----1-----l----ll----------l---------l--------------l------------L--------l---------' 
* I. V., intravenous; L.A., left atrium; L. V., left ventricle. 
+ Revivals indicate survivors plus those resuscitated and subsequently dying without regaining 
consciousness. .... 
0 
Table 5. Effect of Neosynephrine (0.2 mgm./kgm.) on Resuscitation and SurviTal in the Arrested Dog Heart. 
'Dose of 'No • . ~ 1 Routes of 1 1ATerage 1 'Per Cent 1 'Chi2=1= 
1Procaine'of ''Administration*' 'Duration 1 RESULTS 'Revivals+• 'and 
'HCl Pro-'Dogs''--------------- 1 1of Massage'---------------------------------------------- 1 ''Per-
' dUCiDg I I I I I I IFollOWiDg I I I I I I I Centage' 
•Cardiac 1 ''I.V.'L. A.'L. Vt'Agent 1Survivors 1Resuscitations 1Ventricular 'No ' '' 1 
'Arrest 1 'I 1 1 11 (min.) 1 1 1Fibrillation'Response' 11 
I ( mgm .per I I I I I I I I I I I I I I 
lkgm.) I II I I II I I I I I II 
'--------~----11----l-----l----ll----------l---------l--------------l------------l--------l---------ll _______ l 
I I I I 
8 4 " . 2 2 0 " < l 4 0 0 0 
'--------l----ll----1-----l----ll----------L---------l--------------1------------l--------' II I I 
16 I ll I I 3 I 4 I 4 I I ( l I 8 I l I 2 I 0 
'--------l----11----l-----l----11----------l---------l--------------l------------l--------' 
I I II 
32 2 II l l 0 II ( l 2 0 0 0 
'========*====**===-*-====*--==*±=========~=========*==============*===-- i -
II II 
I I 
15/17 ''0.016 
or 
I I 
I I 
II 
I I 
I I 
II 
I I 
or 
88.2% I I 9o% 
I TOtalS I 17 I I 6 I 7 I 4 I I ( l I 14 I l I · 2 I 0 I I I 
~--------L----1l----l-----1----1L----------1---------1--------------l------------l--------l---------ll-------~ 
* I. v., intravenous; L.A., left atrium; L. v., left ventricle. 
+ ReviTals indicate surviTors plus those resuscitated and subsequently dying without regaining consciousness. 
t Survivors and resuscitations are compared with ventricular fibrillation and no response animals. 
Revivals in Table 4 are compared with those in Table 2, 3, 5 and 6. 
...... 
...... 
Table 6. Effect of Acetyl Strophanthidin (0.1 mgm./kgm.) on Resuscitation and Survival in the Arrested 
Dog Heart. 
~~~~-;;-~;~~-~~---;~~~~;-~;---~~~~~;~~---~-----------------------------------------------~~~;-c~~;-~~;~~zt--
IProcaine'of 11Administration* 11 Duration 1 RESULTS 1Revivals+•land 
1HCl Pro-'Dogs''--------------- 1 'of Massage'---------------------------------------------- 1 1 1Per-
1ducing I I I I I I 'Following I I I I I 11 centage 1 
'Cardiac 1 ''I.V.'L. A.'L.V.''Agent 1Survivors 1Resuscitations 1Ventricular 1No 1 '' 
'Arrest 1 11 1 1 ''(min.) 1 ' 1Fibrillation'Response' 11 
I (mgm .per I I I I I I I I I I I I I I 
lkgm.) I II I I II I I I I I II 
'--------~----~~----~-----~----- ~~----------~---------~--------------~------------~--------~----------~~-------' 
I I I I 
8 I 5 I I l I 2 I 2 I I J .2 I 5 I 0 I 0 I Q I lJ /18 
~--------~----~L----L-----~----~L----------~---------~--------------~------------~--------' 
I I I I 
16 I 12 I I 4 I J I 5 I I 2 • 7 I 8 I 0 I 2 I 2 
'--------~----~~----~-----l----lL----------L------ ---~--------------L------------~--------1 or 
'' 
I I 
J2 I l I I 0 I l I 0 I I 1.5 I 0 I 0 I l I 0 
I========*====**====*==========**==========*=========*==============*============*========' 
I I I I I ?2.2% 
I I 
I 11.281 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
or 
I '20.,J~ 
'TotalS I 18 I I 5 I 6 I 7 II 2.7 I lJ I 0 I J I 2 I II 
1--------l----~~----~-----L----~l----------~---------~--------------~------------~--------l---------~~-------' 
* I. V., intravenous; L.A., left atrium; L. v., ~eft ventricle. 
+ Revivals indicate surviTors plus those resuscitated and subsequently dying without regaining consciousness. 
+ Survivors and resuscitations are compared with ventricular fibrillation and no response animals. 
Revivals in Table 4 are compared with those in Table 2, J, 5 and 6. .... 
N 
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A summary of the results of resuscitation obtained with 
epinephrine, 1-nor-epinephrine, neosynephrine, acetyl stro-
phanthidin and saline is presented in Table?. Cardiae 
arrest was produced in ninety-one dogs. Seventy-one (?8.0 
per cent) survived, and five (5.5 per cent) were resuscitated 
but died without regaining consciousness. Eleven (12.1 per 
cent) developed ventricular fibrillation during massage and 
four (4.4 per cent) did not respond to treatment. 
ln addition to comparing statistically the success 
attained in the !-nor-epinephrine series to the success 
attained with each of the other agents including saline, a 
group comparison of all the results indicates that no sig-
nificant difference exists in the treatments (Chi2 = 1.4529 
or 80-90 per cent). 
Table 7. Summary Table: Evaluation of Revival Procedures. 
---------------------------------------------------------------------------------------------------------
1
.Agent 'No. 1 1 Routes of 1 'Average 1 'Per Cent 1 
'Used in 1of 1 'Administration*' 'Duration 1 RESULTS 'Revivals+' 
1Resuseitation 1Dogs' ' ---------------''of Masaage '---------------------------------------------' 
I I I I I I 'Following I I I I 
1 1 I.V. 1 L. A.'L.V. 11 Agent (min.)'Survivors'Resuscitation'Ventricular 'No 
• 1 1 • 1 1 • 1 1Fibrillation 1Response' 
~-------------~----~~----~-----~----~~------------~---------~-------------~------------~--------~---------1 
'0.85% SOdium I I I I I I I 
10hl0ride SOln.1 24 II 8 I 8 I 8 II ).4 I 18 I 1 I 4 I 1 I 89.2 
1-------------~----~~----~-----~----L~------------~---------~-------------~------------~--------~---------' 
I Epinephrine I 17 I I 7 I 5 I 5 I I ( 1 I 14 I 1 I 1 I 1 I 88 .2 
1-------------L----~~----~-----~----L~------------~---------~-------------~------------~--------L---------' 
1 L-nor- ' ' , 1 , , , 
I epinephrine I 15 I I 5 I 5 I 5 I I ( 1 I 12 I 2 I 1 I 0 I 9J .J 
1-------------~----~~----~-----~----~L------------~---------~-------------~------------~--------~---------~ 
1Neosynephrine 1 17 II 6 I 7 I 4 II ( 1 I 14 I 1 I 2 I 0 I 88.2 
'-------------~----L~----~-----~----~~------------~---------~-------------~------------~--------~---------1 
'Acetyl I I I I I I I 
IStrophan- I 18 II 5 I 6 I 7 I I 2.7 I lJ I 0 I J I 2 I 72.2 
I thidin I I I I I I I 
'==--==========±====*±====±===-=*====**============*===--=====±=============±============±========±=========' 
I I I I I II 
1Totals 191+ I I Jl I }1' I 29 I I 1.8 I 71 I 5 1 11 I 4 
'-------------~----l~----~-----~----~l------------~---------l-------------~------------~--------~---------1 
* I. V., intravenous; L. A., left atrium; L. V., left ventricle. 
+ Revivals indicate survivors plus those resuscitated and subsequently dying without regaining consciousness. 
+ Table 1 omitted. ~ 
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DISCUSSION 
Clinical reports have indicated that epinephrine as 
well as massage is effective in resuscitating the heart in 
ventricular standstill. Reports of failure to effect re-
suscitation by prolonged massage (10, 41) and other measures 
(10) prior to the injection of epinephrine have contributed 
to the acceptance of this concept. In addition, epinephrine 
has been credited with effecting resuscitation in cases in 
which no massage was used (20, 21, 51). In two of these cases 
(20, 51), however, the diagnosis of cardiac arrest was 
doubtful since the heart was neither visualized nor palpated. 
The absence of a palpable pulse and auscultatory sounds have 
been shown to be inadequate criteria for cardiac arrest (48). 
Resumption of cardiac activfty occurred in one case (21) 
following the intraventricular injection of epinephrine; how-
ever, subdiaphragmatic and transdiaphragmatic massage had 
been performed for an unspecified period without success 
prior to the injection. The return of activity could, perhaps, 
be attributed to the stimulating effect of the needle as it 
traversed the myocardium (4J}. It should be pointed out that 
this is the only report of cardiac arrest found in the 
period 1909 to 1952 in which epinephrine was said to effect 
resuscitation in the absence of subsequent massage. The 
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strongest support for the effectiveness of epinephrine in 
resuscitation stems from clinical reports of prompt resumption 
of cardiac activity following its injection (26, 29, 40, 57, 6?). 
This occurred within one minute in one instance, and cardiac 
activity was described as "returning promptly" in the others. 
Massage, however, was also used in these cases, and its 
effect must be considered. In some resuscitations, epinephrine 
was injected shortly before massage was begun and apparently 
had no effect in re-establishing rhythm (8, 36, 40). In 
others, (1, 18, 51) the intracardial injection of epinephrine 
shortly after massage was begun proved to be ineffective since 
massage was carried out for at least twenty minutes before 
resuscitation was achieved. Massage was considered to be 
the resuscitating agent in these eases. As mentioned previously, 
there are a number of resuscitations in which massage alone 
was used (15, 26, JO, 40, 46, 48, 53, 54, 58, 60, 62, 73, 75). 
It is evident that the relative effectiveness of massage and 
·epinephrine cannot be ascertained from clinical reports of 
cardiac arrest, but certain points are indicated. The most 
important is that massage and artificial respiration seem to 
be essential to success in resuscitation whether epinephrine 
is used or not. Epinephrine may in some instances be of value 
but its beneficial effect apparently is not seen in the 
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absence of massage. The mechanism of this beneficial effect 
is suggested by the experimental results of this study and 
will be subsequently reviewed. 
It is also apparent from a review of clinical reports 
of eardiac arrest that epinephrine has been administered more 
often during resuscitative attempts than any other agent. 
As a result, no adequate comparison of agents can be made. 
Coramine (19, 42), ether (14), strychnine (75, 60), digi~olin 
(60) and metrazol (32) have been used in instances where 
resuscitation (14, 32, 42, 75) and recovery (19, 60) have 
occurred. None of these agents were credited with contributing 
to the r~suscitation. 
Neosynephrine was administered on five different 
occasions of cardiac arrest apparently without success (1, 
26, 40, 41, 70). In one instance (70) cardiac activity 
resumed with massage three minutes after the intravenous in-
jection of an unspecified dose of neosynephrine. However, no 
opinion is expressed regarding its effects, if any. In two 
other cases (1, 40) the subsequent injection of epinephrine 
is also reported as failing. Intravenous administration 
prior to massage in one case (41) was ineffective although the 
patient was resuscitated after the injection of epinephrine 
and recovered. The effect of neosynephrine in the fifth case 
(26) is not known. 
v 
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Ephedrine is reported as having been used successfully 
in one case (11) while its effect in a second (40) is not 
clear. 
L-nor-epinephrine was administered intravenously with 
epinephrine in the one case in which it was used. Resuscita-
tion immediately followed the injection. 
It has already been indicated that an attempt was made 
to design this study so that valid comparisons of resuscitative 
drugs would be afforded. Most important is the availability 
of a resuscitable preparation (65). Agents similar in action 
to epinephrine were chosen to demonstrate their specificity 
or non-specificity and their relative effectiveness in re-
suscitation. Saline control studies were done in similar 
fashion to determine the necessity or advisability of using 
a sympathomimetic or cardiotonic agent. · In two series of 
animals, resuscitation was attempted without massage. Both 
were respired with 100 per cent oxygen and one series received 
an intraventricular injection of epinephrine. 
In the absence of massage, resuscitative treatments 
were uniformly ineffective. No response was obtained in those 
animals receiving only artificial respiration. Similarly 
an intraventricular injection of epinephrine in addition to 
artificial respiration failed to initiate cardiac activity. 
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It is interesting to note that epinephrine failed in two hearts 
exhibiting ~ocardial twitches and in two others in which 
electrical activity alone remained. Clinical reports have, 
on occasion, reported epinephrine as being effective in 
causing resumption of activity in the arrested human heart. 
These experiments have not shown this to be true of the arreated 
dog heart. Although electrical activity remained in two cases, 
no blood was being circulated and deleterious effects were 
presumably as severe as in the completely inactive heart. 
Success in resuscitation again depended upon early treatment. 
It is clear:, , therefore, that electrocardiographic evidence of 
cardiac activity does not give assurance of adequate cardiae 
function. Assuming that it does may prove disastrous. Diag-
nostic opening of the thorax in cases of suspected cardiac 
arrest would obviate the difficulty arising from this assump-
tion (49). 
In the remaining ninety-one animals, resuscitation 
and survival rates were compared among those dogs receiving 
a sympathomimetic, cardiotonic agent or sodium chloride 
solution in addition to massage and artificial respiration. 
No significant difference appears to exist alliong _ these groups , 
indicating the importance of early massage and artificial 
respiration and the relative unimportance of the agent admin-
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istered. The beneficial effect observed following the in-
jection of a sympathomimetic or cardiotonic agent was mani-
fested primarily as a palpable increase in the firmness of 
the myocardium. In addition, the blood pressure during 
massage was readily maintained J0-60 mm. of mercury higher 
after the injection of one of these agents. Due to the in-
ability to determine accurately the exact time during massage 
at which the heart needed no further assistance, the estima-
tion of the duration of massage cannot be accurate. For this 
reason, a statistical treatment of the data on the duration 
of massage following each agent is not justified. From the 
approximate values obtained, however, the indications are 
that no significant difference exists. · Increasing the number 
of experiments might demonstrate a difference between sodium 
chloride solution ().4 min.) and epinephrine (<1 min.), !-nor-
epinephrine (< 1 min.) and neosynephrine (< l min.). 
Ventricular fibrillation developed in eleven (12.1 
per cent) of ninety-one dogs in which resuscitation was 
' attempted. This did not occur following the intravenous in-
jection of any cardiotonic or sympathomimetic agent. It did 
occur, however, in four cases following intraventricular in-
jection and in three after injection into the left atrium 
despite the fact that as many i~ections (2J) were made by the 
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intravenous route as by any other (L.A. 2J, L.V. 21). Ven-
tricular fibrillation occurred once each in the epinephrine 
and !-nor-epinephrine series while three cases followed the 
injection of acetyl strophanthidin; two eases occurred after 
neosynephrine had been injected. A high intracardiac con-
centration of these agents probably existed just prior to the 
onset of ventricular fibrillation; this may have been a con-
tributing factor. Mechanical stimulation due to massage was 
the only observed external factor to which ventricular 
fibrillation could be attributed in those dogs receiving 0.85 
per cent sodium chloride solution. ln these eleven cases of 
ventricular fibrillation, there seems to be no relation be-
tween the existence or non-existence of cardiac activity and 
the frequency with which ventricular fibrillation occurred. 
No cardiac activity existed in four cases; minimal muscular 
movement persisted in two and three exhibited abnormal 
electrocardiographic complexes. 
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CONCLUSIONS 
l. Artificial respiration alone or in conjunction 
with an intraventricular injection of epinephrine proved in-
effective in resuscitating the procaine arrested dog heart. 
2. In the presence of massage and artificial respira-
tion, success in resuscitation did not differ significantly 
among series receiving isotonic saline, a sympathomimetic or 
cardiotonic agent. 
J. The beneficial effect following the injection of 
a sympathomimetic or cardiotonic agent seemed to be, primarily, 
a palpable increase in the firmness or tone of the myocardium. 
4. Ventricular fibrillation occurred several times 
following the injection of a sympathomimetic or cardiotonic 
agent into the left atrium or left ventricle but did not 
occur following intravenous injection. 
5. There seemed to be no relation between the per-
sistence of ~oeardial twitches or electrical activity during 
cardiovascular collapse and the frequency with which ventricular 
fibrillation occurred. 
SUMMARY 
Cardiac arrest was produced in one hundred five dogs 
during ether anesthesia by the intravenous injection of 
procaine .bydrechloride. Resuscitation procedures used in 
sixty-seven dogs included artificial respiration,massage 
and sympathomimetic or cardiotonic agents. In twenty-four 
dogs, 0.85 per cent sodium chloride solution was substituted 
for the sympathomimetic or cardiotonic drug. Eight animals 
received artificial respiration and an intraventricular 
injection of epinephrine following cardiac arrest while 
resuscitation was attempted in six others by artificial 
respiration alone. Resuscitation attempts were unsuccessful 
in all animals that did not receive massage in conjunction 
with artificial respiration. Of ninety-one dogs receiving 
artificial respiration and massage following direct visualiza-
tion of the heart, seventy-one (78.0 per cent) were re-
suscitated and recovered; five (5.5 per cent) were resusci-
tated and subsequently died without regaining consciousness; 
eleven (12.1 per cent) developed ventricular fibrillationand four 
(4.4 per cent) did not respond to treatment. Cardiac rhythm 
and spontaneous respiration returned in seventy-six or 
83.5 per cent of the dogs. 
Complete absence of myocardial activity did not exist 
in all cases. Twenty-one animals (2).1 per cent) exhibited 
muscular and electrical activity prior to the initiation of 
resuscitative procedures while electrical activity alone 
persisted in twenty-two (24.2 per cent). The myocardial 
movements more closely resembled a twitch than a contraction, 
and it is certain that these movements were ineffective in 
causing any blood to be circulated. Furthermore, the electro-
cardiograms in these cases were abnormal, and continued 
activity of the heart was not demonstrated to facilitate re-
suscitation. For these reasons, cardiac arrest was con-
sidered complete although muscular and/or electrical activity 
continued. No correlation was obtained between the occurrence 
of ventricular fibrillation and the persistence of myocardial 
activity. Ventricular fibrillation occurred with massage 
following the intraeardial injection of sympathomimetic and 
cardiotonic agents but not after intravenous administration. 
Success in resuscitation did not differ significantly 
between those series of dogs receiving massage and artificial 
respiration following cardiac arrest. Epinephrine, 1-nor-
epinephrine, neosynephrine and acetyl strophanthidin were used 
in four series while sodium chloride solution was administered 
in the fifth. The inability of epinephrine to reinitiate 
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cardiac activity was demonstrated in those animals receiving 
artificial respiration and an intraventricular injection of 
epinephrine following cardiac arrest. The necessity of 
massage, if resuscitation is te be achieved, was demonstrated 
in those animals receiving only artificial respiration follow-
ing cardiac arrest. The duration of massage following 
administration of the agents used in resuscitation did not 
appear to differ significantly. 
Therefore, epinephrine ~. 1-ner-epinephrine, neosynephrine 
and acetyl strophanthidin have proven valueless in the re-
suscitation of the preparation used in this study. The early 
initiation of artificial respiration and massage seems to 
have been the important factor. 
ix 
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